Abstract. Multiple scattering theory based on a cluster model is used to simulate full hemispherical X-ray photoelectron diffraction measurements on a 1T -TaS2(0001) surface. Key points to determine the surface termination are discussed. As the commonly applied single scattering simulations do not give satisfying results, a multiple scattering approach has to be used to accurately simulate the full hemispherical photoelectron diffraction patterns. Differences and similarities between calculations of Ta and S terminated surfaces are presented along with experimental results at room temperature using both, the single and the multiple scattering approaches. We find that the surface is S terminated and that the quantitative difference between the calculations for both terminations permits to show the limits of the single scattering approach for solving surface termination problems. Moreover, by generalizing the results obtained using the multiple scattering approach, we discuss the application of this method to other similar systems.
Introduction
In general, the complete knowledge of the atom positions is necessary to understand the various properties of material's surfaces. Among the numerous techniques available to obtain information on the crystal structure, X-ray photoelectron diffraction (XPD) has proven to be very powerful, due to its chemical sensitivity and ability to measure sub-angstroem atomic displacements. However, without theoretical simulations it is often difficult to understand the different structures appearing in an XPD result and to rely them to true atomic positions. The use of multiple scattering (MSC) is unavoidable especially for bulk-emission XPD [1] , as in the present case, because the simpler single scattering approach dramatically overemphasizes the so-called emitter-scatterer "forward focusing" effect, rendering the interpretation of finer interference features, which is necessary for the determination of the surface termination, very difficult.
Transition metal dichalcogenides are since long of strong interest because of their quasi-two-dimensional character, interesting electronic properties and various phase transitions. The basic structure of 1T -TaS 2 is "sandwich-like": hexagonal planes of Ta are sandwiched by two hexagonal S planes leading to a quasi-twodimensional material, see Figure 1 . The forces between a e-mail: Laurent.Despont@Unine.ch the sandwiches (of the magnitude of Van der Waals forces) are small, letting the layered crystal be easily cleaved (between two S layers as will be shown in the present article). Similar surfaces, i.e. MoS 2 , NbSe 2 and TiSe 2 , were studied in the past by dynamical low energy electron diffraction [2, 3] .
Here we investigate the 1T -TaS 2 surface termination using room temperature XPD measurements together with MSC and SSC calculations. We show that the surface termination determination is very difficult using only the SSC approach while the MSC is more adapted to answer to this question. Furthermore we attempt to generalize this approach and discuss the applicability to other similar systems.
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Experimental and computational details
Pure 1T -TaS 2 , prepared by vapour transport [4, 5] , was cleaved in situ at a pressure in the lower 10 −10 mbar region. The surface quality was checked by low energy electron diffraction (LEED). The XPD measurements are done in a modified Vacuum Generators ESCALAB Mk II X-ray photoelectron spectrometer equipped with a fixed hemispherical electron energy analyzer, and a three-channeltron detection system, operated with a base pressure in the lower 10 −11 mbar region. The X-ray tube contains a MgKα (hν = 1253.6 eV) and SiKα (hν = 1740 eV) twin anode. The samples are fixed on a computer-controled two-axis goniometer capable of scanning the emission angle over the full hemisphere above the surface [6] [7] [8] [9] [10] [11] . Data has been collected up to 78
• polar angle.
Thanks to the chemical sensitivity of the photoemission technique, the core levels of a given type of atom can be selected. The chosen outgoing photoemitted electrons exhibit a strong anisotropic angular intensity distribution related to the local geometry around the selected atom. The analysis of the obtained diffraction patterns is simplified for electron kinetic energies higher than approximately 500 eV by the so-called "forward focusing" effect. This effect consists in a strong intensity enhancement along the emitter-scatterer direction and more generally along densely packed atomic planes (resulting in so-called Kikuchi bands) and rows of atoms (corresponding to lowindex crystallographic directions) [12] .
Note that experimental diffractograms are acquired by simultaneously collecting electrons at two different kinetic energies: one exactly at the maximum of the Ta 4f 7/2 photoemission line (E kin = 1229 eV) and one sligthly above (E kin = 1234 eV) to monitor the background intensity variation. The subtraction of the two signals, taking into account the channeltron sensitivities, allows to get rid of the inelastic electron background.
To simulate the XPD experiment, the cluster model approach of the EDAC (Electron Diffraction in Atomic Clusters) code [13] is used here. This code, based on the muffin-tin potential approximation [14] , evaluates the MSC expansion implemented using a fully convergent recursion method.
The calculations are performed for the 1T crystallographic structure (space group P3m1 and lattice parameters are a = b = 3.36Å, c = 5.85Å), for the Ta 4f 7/2 core level electrons (E kin = 1229 eV when excited with MgKα). Three Ta emitters distributed down to 13Å below the surface are chosen. The calculations were performed for a temperature T = 300 K and thermal vibrations are introduced by means of non-zero Debye temperatures θ D . To obtain a quantitative value for the agreement between calculated and measured diffractograms, an R-factor analysis based on the multipole expansion of the angular intensity distribution, i.e., the expansion into spherical harmonics, has been used [16, 17] . Moreover, anisotropies of local interference features have been calculated.
Results and discussion
The MSC simulated diffractogram of a hypothetical hexagonal Ta structure is presented in Figure 2a besides an in-plane cut of the crystal structure in Figure 2b . The stereographically projected diffractogram is plotted using a linear gray scale with high intensity in white (the outer circle corresponds to grazing emission, whereas the center represents the normal emission direction). Three different Ta emitters are chosen. They are located in the center of the Figure 2b , one at the surface and the two others just below, in the second and third unit cells. The 6-fold symmetry of the calculation is evident in Figure 2a . Each peak of the diffraction pattern corresponds to a "forward focusing" direction and is directly linked to a Ta-Ta direction.
The 6 most intense peaks, closest to normal emission, defining a center hexagon (plotted with a white line),
